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[OBJECT] 

The f erroelectric insulating film which h as the 
PZT etc. outstanding property can be used. 
Moreover it can correspond in high-frequency 
high-power-isation. It aims at providing the 
semiconductor device using the oxidation- 
resistant high semiconductor material with an 
above-mentioned characteristic. 

Furthermore, the semiconductor integrated 
circuit by which the part arrangement of the 
FRAM was performed is realized with SOI 
substrate without the disorder of the boundary- 
surface structure. 

[SUMMARY OF THE INVENTION] 

As an ox idation-resistant semiconducto r 
mate rial. SiC or cubics SiC, BN, and YB66, the 
strontium titanate, and the diamond were used. 

Furtherm ore, silver and copper of a low 
resistance are used as wiring material, and also 
the lattic e constant of a ferroelectric wiri ng 
mate rial semiconductor material was made to 
correspond. 

Moreover, FRAM comprised by the oxidation- 
resistant semiconductor material is mounted in 
a semiconductor integrated circuit. 
High integration was attained. 
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[CLAIMS] 
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[CLAIM 1] 

A semiconductor device, in which in the 
ferroelectric memory eleme nt (FRAM) 
comprised using an i nsulated gate type field 
effect transistor (MISFET), a semiconductor 
part consists of a n oxidation-resistant favorab le 
semiconductor material. 



[CLAIM 2] 

A semiconductor device described in the 1st 
claim, which connects with the drain or the 
source part formed by the semiconductor 
material by the wiring material comprising silver 
or copper via direct or an electroconductive film. 
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[CLAIM 3] 

A semiconductor device described in the 1st 
claim, in which the lattice constant of the 
ferroelectric insulating layer formed on the 
semiconductor material corresponds in general 
with the lattice constant of wiring material. 



[CLAIM 4] 

A semiconductor device described in the 3rd 
claim, in which wiring material is silver or 
aluminium. 



mkfc±¥m& (soi) mm. 
x, soi mm<D¥mwmm 
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[CLAIM 5] 

A semiconductor device, in which the 
semiconductor part of SOI substrate consists of 
an oxidation-resistant favorable semiconductor 
material in the semiconductor integrated circuit 
using the insulator top semiconductor (SOI) 
substrate. 
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[CLAIM 6] 

A semiconductor device, in which in the 
semiconductor integrated circuit which consists 
of the active element arranged on a 
semiconductor substrate, a part of active 
element or the semiconductor part of all 
elements is comprised below. The thickness of 
surface alteration layer is below fixed value, and 
it is an oxidation-resistant favorable 
semiconductor material. 

[CLAIM 7] 

A semiconductor device described in any 1 item 
of the claim 1 to 6th item, in which a 
semiconductor material is silicon carbide (SiC). 
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[CLAIM 8] 

A semiconductor device described in the 7th 
claim, in which the structure of silicon carbide 
v^SiCJjs^ cubic. ^ ■ 
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[CLAIM 9] 

A semiconductor device described in 1 item of 
the range 1st, 2, 5 and 6 item of a patent claim, 
in which a semiconductor material is th e boron 
nitride (BNy6fta diamond. 



[CLAIM 10] 

A semiconductor device described i n 1 item of 
the range 1st, 2, 5, and 6 item of a patent claim, 
in which a "semiconductor material is YB66. 



[CLAIM 11] 

A semiconductor device described in any 1 item 
of the claim 1 to 6th item, in which a 
semiconductor material is the following. The 
strontium titanate which contained the impurity 
which does niobium (Nb) as the main starting 
materials (SrTi03) or the strontium titanate 
which lacked a part of oxygen from the 
stoichiometry (SrTi03-x). 



[CLAIM 12] 

A semiconductor device, in which in the 
semiconductor integrated circuit which consists 
of the active element arranged on a 
semiconductor substrate, the one part or all of 
an active element becomes any 1 item of a 
claim first-to-fourth item or 7 to 11 item from the 
semiconductor device of mention. 



[DETAILED DESCRIPTION OF INVENTION] 



[0 00 1] 



[0001] 



02/01/08 



7/43 



(C) DERWENT 



L 

JP7-245409-A 



DERWENT 
*- 

THOMSON SCIENTIFIC 



[INDUSTRIAL APPLICATION] 

This invention relates to the semiconductor 
device which used the semiconductor material 
outstanding in oxidation resistance as an 
electronic-device material. 
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[PRIOR ART] 

Various insulating films are used in the 
semiconductor integrated circuit. 

Among them, metallic oxides, such as 
Bi4Ti3012 and Pb(Zr, Ti) 03 (abbreviated- 
name PZT), have various outstanding 
properties, such as a ferroelectricity besides 
insulation. 

However, in order to make these properties 
express, a high-temperature process is required 
at the time of formation of an insulating film. 
Therefore, as for formation of an onto the 
semiconductor which the oxidation resistance 
such as Si deteriorates, it is anxious about 
damage of the element function due to a high- 
temperature process, for example. 

Moreover it was anxious about the reduction 
of the function due to the spreading to Si of a 
metallic oxide. 

Fig. 8 is the following. On Si substrate 
reported to IEEE Trans. Electron 
DevicesED-21 and p499 (1974), it is 
ferroelectric memory-element 
FRAM;Ferroelectric Random Access 
Memory comprised using the following which 
joined Bi4Ti3012 ferroelectric film. Insulated 
gate type field effect transistor (MISFET;Metal 
Insulator Semiconductor 
FieldEffectTransistor). 

In the figure, 81 is a p-type Si semiconductor 
substrate. 82 is a metal electrode. 83 is 
Bi4Ti3012 ferroelectric film. 84 is N channels. 
85 is a source. 86 is a gate. 87 is a drain. 
Bi4Ti3012 ferroelectric film 83 heats the p-type 
Si semiconductor substrate 81 to high 
temperature. 

It forms by the sputtering method. 
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This ferroelectric transistor can be operated 
as a memory element. 

However, since it is anxious about damage of 
the element function which was shown by the 
above, this transistor has not arrived in 
establishment of a mass-production process. 



[0003] 

On the other hand, another structure for 
applying the ferroelectric film such as PZT to a 
transistor is proposed. 

Fig. 9 shows the structure of the ferroelectric 
transistor using the ferroelectric single-crystal 
substrate. 

In the figure, 91 is a lower-part gate 
electrode. 92 is a ferroelectric single-crystal 
substrate. Thickness is an about 150- 
micrometer thin substrate. 

93 is a source electrode. 94 is a drain 
electrode. 95 is the semiconductor film which 
performed the vacuum evaporation. 96 is a gate 
insulating film. 97 is an upper-part gate 
electrode. 

The ferroelectric single-crystal substrate was 
used for performing satisfactorily the crystallinity 
of the semiconductor film formed on it. 

Metal (Au) was used for each electrode. 

The bonding of this transistor can be 
performed to Si substrate etc. via the lower-part 
gate electrode 91 . 

Moreover, application to the semiconductor 
integrated circuit of a ferroelectric transistor can 
be performed with a bonding. 
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[0004] 

Moreover, usage of SOI (Semiconductor-ON- 
Insulator) structure which forms 
semiconductors, such as Si, on an insulating 
substrate for the improvement in circuit 
operational reliability and a degree of 
integration is advanced. 

A sapphire (AI203), quartz (Si02), etc. are 
used as an insulating substrate. 



[0005] 

Moreover, Fig. 10 shows the semiconductor 
integrated circuit which has arranged the active 
element on the conventional semiconductor 
substrate reported to IEEE Jornal of Solid- 
StateCircuits. Vol.27 No.11 p.1534 
(1992). 

101 is DRAM (Dynamic Random Access 
Memory) subarray and SRAM (Static Randum 
Access Memory) in the figure. 102 is DRAM 
cell. 103 is a columm decoder. 104 is a low 
decoder. 

Thus, the single integrated circuit was 
conventionally comprised by DRAM, SRAM, 
and the peripheral control circuit. 
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[0006] 

Moreover, the cross-sectional model drawing of 
the semiconductor substrate below the value 
with the fixed thickness of a surface oxide film is 
shown in Fig. 11. 

In the figure, 111 is Si semiconductor 
substrate. 112 is Si surface oxide film. 113 is 
SiC. 114 is SiC surface oxide film. 
Conventionally, because thickness of a surface 
oxide film was controlled by 5 or more nm, it 
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[PROBLEM ADDRESSED] 

Because the conventional semiconductor 
riftvir.fi wggjy)priprisfifl as menti oned above , in 
order to mass-produce the case of the 
ferroelectric transistor that the ferroelectric film 
was formed on the semiconductor substrate, 
the defective generation due to damage of an 
element function had become the problem. 

Moreover, when using the ferroelectric 
transistor that the semiconductor film was 
formed on the ferroelectric single-crystal 
substrate to an integrated circuit, since the 
bonding of the wiring to a semiconductor- 
substrate top is required, monolithic property is 
eliminated. 

There was a problem that design and high 
integration were difficult. 

Moreover, since PZT etc. ferroelectric 
substance and Si have a high reactivity, 
providing the barrier layer such as Pt is also 
considered as a reaction prevention material. 

However, there was a problem that an electric 
element separation became not sufficient, by 
generation of the leak current in an edge 
structure part. 

F urthermor e, Si and a ferroelectric substance 
have^lh elarge" difference ot a lattice constan t 
(Si : about 0.54 nm, PZi ferroelectric : aboUT 
0.4 nm). Moreover, it is a grating mismatching. 
Therefore, formation of crystalline outstanding 
Si film was difficult to onto the ferroelectric 
insulating film. 

Conversely, it was difficult to also form^a 
cr ystalline sufficient ferroelectric film in^ onto^i 
su6stfate. ~ ~ " " 
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Moreover, in order to realize the semiconductor 
device corresponded in high-frequency high- 
power-isation, it performs like this. In addition to 
adoption of the ferroelectric insulating film such 
as PZT, a low resistance wiring member needs 
to be selected. 

Furthermore in order to perform the sufficient 
exertion of the element function, stress between 
a ferroelectric insulating film and a wiring 
member is alleviated. And, the improvement in 
an adhesion had to be attained. 

[0009] 

Furthermore, SOI substrate used to the 
conventional semiconductor device was 
comprised as mentioned above. Therefore, for 
example, the disorder of a boundary surface 
makes element performance reduce by 
spreading of Al (constitutent element of a 
sapphire) to Si layer in the thing that Si was 
formed on the sapphire which is^one of typical 
SOI structure. Moreover, the disorder of a 
boundary surface makes element performance 
reduce by induction of the crystal defect 
generated according to the difference of the 
lattice constant of the boundary surface of a 
sapphire and Si etc. 
This had become the large problem. 

[0010] 

Furthermore, the active element used to the 
conventional semiconductor integrated circuit 
should just have controlled the surface oxide 
film in the thickness of 5 or more nm. 

However, in that which (for example, MIS 
transistor) is used to a future semiconductor 
integrated circuit, channel length is 0.1 
micrometers and the gate insulation film 
thickness needs the control of 3 nm or less. 

Therefore, 4 nm or more of the thickness of a 
natural-oxidation film is difficult for application of 
a certain Si substrate usually. Moreover, the 
semiconductor material which an oxide film 
thinner than Si substrate can form stably was 
needed. 
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[0011] 

Furthermore, in the conventional semiconductor 
integrated circuit, the active element of DRAM 
and SRAM was arranged and designed on the 
semiconductor substrate. Therefore, the 
response to high-outputting was difficult and 
had become the hindrance of high integration 
with the limit further at the number of elements 
to arrange. 

Moreover, when FRAM of the structure had 
been conventionally arranged instead of SRAM, 
it mounted in the integrated circuit by 
performing the bonding of the FRAM as 
mentioned above. Therefore, when monolithic 
property is eliminated, design becomes difficult. 

Moreover, it was anxious about the reduction 
of element functions, such as leak. 



[0012] 

This invention was made in order to solve the 
above problems. The semiconductor device 
which has the semiconductor-substrate material 
which can use the insulating film which has the 
outstanding property such as PZT etc. is 
provided. 

Moreover, the semiconductor device which 
has the semiconductor-substrate material which 
can be corresponded in high-frequency high- 
power-isation is provided. 

Furthermore, the semiconductor device 
comprising the semiconductor material for 
realizing SOI substrate without the disorder of 
the boundary-surface structure is provided. 

Furthermore, in a semiconductor integrated 
circuit, the semiconductor device by which the 
part arrangement of the FRAM which can be 
corresponded in high-outputting and high 
integration was performed is provided. 

Furthermore, an oxide film thinner than Si 
substrate provides the semiconductor device 
which has the substrate which can be formed 
stably. 
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[SOLUTION OF THE INVENTION] 

The semiconductor device in connection with 
invention of Claim 1 comprises a semiconductor 
part from an oxidation-resistant favorable 
semiconductor material in FRAM comprised 
using MISFET. 
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[0014] 

In the semiconductor device of Claim 1, as for 
the semiconductor device in connection with 
invention of Claim 2, the wiring material linked 
to the drain or the source part formed of the 
semiconductor material stipulates comprising 
silver or copper. 



[0015] 

The semiconductor device in connection with 
invention of Claim 3 stipulates that the lattice 
constant of the wiring material which comprises 
the lattice constant and the wiring member of a 
ferroelectric insulating layer which were formed 
on the semiconductor material is almost equal 
in the semiconductor device of Claim 1 . 



[0016] 

The semiconductor device in connection with 
invention of Claim 4 stipulates that the wiring 
material of Claim 3 is silver or aluminium. 



[0017] 

The semiconductor device in connection with 
invention of Claim 5 comprises a semiconductor 
part by the oxidation-resistant favorable 
semiconductor material in the semiconductor 
integrated circuit using SOI structure. 



[0 0 18] 



[0018] 

The semiconductor device in connection with 
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invention of Claim 6 comprises a part of active 
element or the semiconductor part of all 
elements by the oxidation-resistant favorable 
semiconductor material by which surface 
alteration layer was controlled, in the 
semiconductor integrated circuit which consists 
of the active element arranged on a 
semiconductor substrate. 



[0 0 19] 



[0019] 

The semiconductor device in connection with 
invention of Claim 7 comprises the 
semiconductor part of the semiconductor device 
of Claim 1 - 6 by SiC. 



[0 0 2 0] 
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[0020] 

The semiconductor device in connection with 
invention of Claim 8 uses SiC of the cubic 
structure as SiC of Claim 7. -~~ • ■ ~^ 
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ft 9 (DWX fc:«fc>3 

mm-i, m^mi. 2. 5, 6 
* tt -t^ y biz x 9 mm 



[0021] 

The semiconductor device in connection with 
invention of Claim 9 comprises the 
semiconductor part of the semiconductor device 
of Claims 1 , 2, 5, and 6 with BN or a diamond. 
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[0022] 

The semiconductor device in connection with 
invention of Claim 10 comprises the 
semiconductor part of the semiconductor device 
of Claims 1 , 2, 5, and 6 by YB66. 
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[0023] 

SrT103-x which lacked a part of oxygen in the 
semiconductor part of the semiconductor device 
of Claim 1 - 6 from SrTi03 which contained the 
impurity which does Nb as the main starting 
materials, or the stoichiometry comprises the 
semiconductor device in connection with 
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[EFFECT! 

The semiconductor device in connection with 
Claim 1 of this invention used the 
semiconductor part the oxidation-resistant 
favorable semiconductor material. Therefore, 
even when it forms PZT etc. in a high- 
temperature process on it, a reduction of 
substrate functions, such as surface oxidation 
and a structural change, is not produced. In 
order to perform an above, it effects so that a 
function may be maintained. 

[0026] 

The semiconductor device in connection with 
Claim 2 of this invention, as wiring material of a 
semiconductor device described in Claim 1 , the 
ma terial of the low resistance such as silv er or 
copper was u sed. Therefore, it effects so that it 
can correspond also in the hea vy-current circ uit 
such as a high output circuit: 



[0027] 

The semiconductor device in connection with 
Claim 3 of this invention made Claim 1 
correspond almost the lattice constant of the 
ferro-electric body part of the semic onductor 
device of mention. Therefore, thejjcgss in the 
boundary surface and the generation of the 
crystal defect due to the difference of a lattice 
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constant are_suppressed. 
It effects sotFiat an adhesion may improve. 
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[0028] 

The semiconductor device in connection with 
Claim 4 of this invention used silver and 
aluminium for Claim 3 as wiring material of the 
semiconductor device of mention. Therefore, 
the stre ss in the boundary surfac e and the 
generat ion of the crystal defect due tto the 
dif ference of a lattice constant are suppre ssgcL 
It effects so that an adhesion may improve. 
Furthermore, it is the material of a low 
resistance. Therefore, it effects so that it can 
correspond also in the heavy-current circuit 
such as a high output circuit. 
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[0029] 

The semiconductor device in connection with 
Claim 5 of this invention used the 
semiconductor part of SOI substrate the 
oxidation-resistant favorable semico nductor 
material. Therefore, since these are chemically 
stable, a reduction of functions, such as a 
spreading of the constitutent element in a 
boundary surface and a substrate structural 
change, produces them difficult. Moreover, it 
effects so that a function may be maintained. 



m 
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[0030] 

The semiconductor device in connection with 
Claim 6 of this invention used the oxidation- 
resistant favorable semiconductor material for 
the semiconductor which comprises the active 
element of a semiconductor integrated circuit. 
Therefore, beca use a natural-oxidation film is 
not f ormed thinly extremely, surface alteratio n 
layer, such as a surface oxide film, tends to 
control it. Moreover, it stimulates to high 
integration of a semiconductor device, such as 
reducing of channel length. 
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[0031] 

The semiconductor device in connection with 
Claim 7 of this invention usedJiiC^/vhich is an 
oxidation-resistant favorable semiconductor 
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material for the semiconductor part of the 
semiconductor device of Claim 1-6. Therefore, 
even when it forms PZT etc. in a high- 
temperature process on it, a reduction of 
substrate functions, such as surface oxidation 
and a structural change, is not produced. In 
order to perform an above, it effects so that a 
function may be maintained. 

Moreover, since it is chemically stable, it is 
hard to produce a reduction of functions, such 
as a spreading of the constitutent element in a 
boundary surface, and a substrate structural 
change. Moreover, it effects so that a function 
may be maintained. 

Furthermore, because a natural-oxidation film 
is not formed thinly extremely, surface alteration 
layer, such as a surface oxide film, tends to 
control it. Moreover, it stimulates to high 
integration of a semiconductor device, such as 
reducing of channel length. 

[0032] 

The semiconductor device in connection with 
Claim 8 of this invention used SiC of the cubic 
structure as SiC of Claim 7. Therefore, since it 
is a structure more precise than general SiC, 
even when it forms PZT etc. in a high- 
temperature process on it, a reduction of 
substrate functions, such as surface oxidation 
and a structural change, is not produced. In 
order to perform an above, it effects so that a 
function may be maintained much more. 

Moreover, since it is chemically stable, it is 
hard to produce a reduction of functions, such 
as a spreading of the constitutent element in a 
boundary surface, and a substrate structural 
change. Moreover, it effects so that a function 
may be maintained much more. 

Furthermore, because a natural-oxidation film 
is not formed thinly further extremely, surface 
alteration layer, such as a surface oxide film, 
tends to control it. Moreover, it stimulates to 
high integration of a semiconductor device, 
such as reducing of channel length. 
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The semiconductor device in connection with 
Claim 9 of this invention used BN or the 
diamond which is an oxidation-resistant 
favorable semiconductor material for the 
semiconductor part of the semiconductor device 
of Claims 1, 2, 5, and 6. Therefore, even when it 
forms PZT etc. in a high-temperature process 
on it, a reduction of substrate functions, such as 
surface oxidation and a structural change, is not 
produced. In order to perform an above, it 
effects so that a function may be maintained. 

Moreover, since it is chemically stable, it is 
hard to produce a reduction of functions, such 
as a spreading of the constitutent element in a 
boundary surface, and a substrate structural 
change. Moreover, it effects so that a function 
may be maintained. 

Furthermore, because a natural-oxidation film 
is not formed thinly extremely, surface alteration 
layer, such as a surface oxide film, tends to 
control it. Moreover, it stimulates to high 
integration of a semiconductor device, such as 
reducing of channel length. 

[0034] r 

The semiconductor device in connection with 
Claim 10 of this invention used YB66 which is 



an oxidation-resistant favorable semiconduct or 
material for the semiconductor pa rt of the 
semiconductor device of Claims 1 , 2, 5, and 6. 
Therefore, even when it forms PZT etc. in a 
high-temperature process on it, a reduction of 
substrate functions, such as surface oxidation 
and a structural change, is not produced. In 
order to perform an above, it effects so that a 
function may be maintained. 
Moreover, since it is chemically stable, it is 



hard to produce a reduction of function s, such 
as a sprea ding of the constitutent eleme nt in a 
boundary su rface, and a substrate structural 
change. Moreover, it effects so that a function 
may be maintained. 

Furthermore, because a natural-oxidation film 
is not formed thinly extremely, surface alte ration 
layer, such as a surface oxide film, tends to 
control it. Moreover, it stimulates to high 
integration of a semiconductor device, such as 
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reducing of channel length. 
[0035] 

The semiconductor device in connection with 
Claim 11 of this invention used SrTi03 which 
contained the impurity which does Nb which is 
an oxidation-resistant favorable semiconductor 
material as the main starting materials, or 
SrTi03-x which lacked a part of oxygen from the 
stoichiometry for the semiconductor part of the 
semiconductor device of Claim 1-6. Therefore, 
even when it forms PZT etc. in a high- 
temperature process on it, a reduction of 
substrate functions, such as surface oxidation 
and a structural change, is not produced. In 
order to perform an above, it effects so that a 
function may be maintained. 

Moreover, since it is chemically stable, it is 
hard to produce a reduction of functions, such 
as a spreading of the constitutent element in a 
boundary surface, and a substrate structural 
change. Moreover, it effects so that a function 
may be maintained. 

Furthermore, because a natural-oxidation film 
is not formed thinly extremely, surface alteration 
layer, such as a surface oxide film, tends to 
control it. Moreover, it stimulates to high 
integration of a semiconductor device, such as 
reducing of channel length. 

[0036] 

The semiconductor device in connection with 
Claim 12 of this invention used FRAM for the 
one part or all of active elements of a 
semiconductor integrated circuit. Therefore, 
since each element can be made small from the 
case where it consists of SRAM and DRAM, it 
stimulates to high integration. 

Moreover, FRAM which is the semiconductor 
device of mention is used for any 1 item of 
Claim 1 - 4,7-11. Therefore, it effects so that it 
can correspond also in a high output circuit. 
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/ Example TT\ One example of invention of 
Claims 1 and 7 is hereafter explained using a 
di agram . 

LFig. j jj is a manufacturing-process sectional 
view of the semiconductor device comprising 
FRAM due to this invention. 

This example shows the example of the mesa 
structure for the separation between elements. 

In the ( figure, 1j is Si substrate . 2 is an 
oxidation-resistant semiconductor film. Here, it 
is. SiC film . 

3 is a ferroelectric film such as PZT. 4 is Al 
alloy film. 5 is a jsource area. 6 js a drain a rea. 7 
is^AI all ov wi ring! 

Next it explains in the order of a 
manufacturing process. 

As shown in (a), the ferroelectric film 3 is 
formed a film the SiC film 2 and on it on the Si 
substrate 1. 

The SiC film 2 is formed bv heat_ CVD. for 
example, using ga& _auch as SiH4 or C3H 8. 

The ferroelectric film 3 is formed by the CVD 
method s uch as PZT show n by the prior art 
example. 

Next, the Al alloy film 4 is depositted on the 
ferroelectric film 3 such as (b) (for example, 
sputtering method). 

The Al alloy film 4 is etched so that it may leave 
an element separation area. 
After ., patterning, plasma etching of the 
ferroelectric film 3 is performed to SiC2 using 
nitrogen-trifluoride (NF3) gas etc. 

An element separation area is formed in a 
mesa. 

Finally, as shown in (c), the source area 5 and 
the drain area 6, Al alloy wiring 7, etc. are 
formed with an ion implantation. 

FRAM cell using SiC, i.e., transistor circuit, is 
formed. 
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[0038] 

In addition, the above example showed the 
example which forms SiC film on Si substrate. 

However, commercially available SiC 
substrate (for example, 6H-SiC of CREE 
Reseach Inc.) is used. And, the ferroelectric 
film such as PZT may be formed on it. 

Moreover, a film-forming method will not be 
limited to a CVD method, if a desired thing is 
obtained. 



[0039] ^ 

Example CD One example of invention of 
Claims 1 , 7, and 8 is explained hereafter. 

At the time ot,SjC_fi|m f ormin g of an example 
1, monomethyl silane (SiCH3H 3) gas (for 
example, described by Appl.Phys. Lett.No.60 
p.1703 (1992)) is used. And, heat CVD is used 
at the temperature of 750 degree C on Si 
substrate. 

Thereby, the aibjc__SjC_iilm which is the 
among them precise structure of SiC can be 
formed. 

The manufacturing process after that is the 
same as that of an example 1 . 



[0040] 

Examplet^) One example of invention of 
Claims 1 and 9 is explained hereafter. 

Instead of SiC film forming of an example 1, 
the epitaxial growt h of the_B_MJs performed by 
the l aser ablation method which used KrF laser 
(wavelength of 248 nm) on "Si substraleT~~^ 

The manufacturing process after that is the 
same as that of an example 1, and should just 
use gas for BN etching at the time of an etching. 
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[0041] 

Example 4. Another example of invention of 
Claims 1 and 9 is explained hereafter. 

Instead of^iC film forming of an example 1 , a 
diamond film is formed by thejTmcrowave_£yQ_ 
method or the heat filament method using gas' 
which included carbons, such as CH4 gas and 
C2H2, on Si substrate etc. 

The manufacturing process after that is the 
same as that of an example 1, and should just 
use etching gas for diamonds at the time of an 
etching. 



One example of invention of 



[ 0042] 

I Example 5. 
^laim 1 , 1 0 is explained hereafter. 

Instead of SiC film forming of an ( gxample J ^) 
YB66 is form ed a film by the sputtering method 
which us ed the Y-B target on Si substrate . 

The manufacturing process after that is the 
same as that of an exampl e 1, and should just 
us e gas for the etching for YB66 at t he time of 
an etching. 



[0043] 

Example 6. One example of invention of 
Claim 1,11 is explained hereafter. 
Instead ofjSiC film forming of an example l^r- 
Ti (-0) or Sr-Ti-Nb (-Q) is used for a tar aet-on Si 
substrate. And, a reactant sputter j s performed 
in oxygen atmosph ere. 

The film of strontium-titanate type is formed. 

The manufacturing process after that is the 
same as that of an example 1, and should just 
use gas for strontium-titanate type at the time of 
an etching. 
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Example 7. One example of invention of 
Claims 1, 2, 7,-11 is hereafter explained using a 
diagram. 

Fig. 2 is a sectional view of the 
semiconductor device comprising FRAM due to 
this invention. 

In the figure, 11 is Si substrate. 12 is 
embedding^SiO?. 13 is an oxidation-resistant 
semiconductor. 13a is source areas. 13b is a 
drain area. 

14 is a ferroelectric substance such as PZT, 
for example. 15 is polycrystalline Si. 16 is Si02. 
17 is Cu of a low resistance, or Ag wiring. 18 is 
foundation wiring. 

Next the example of a manufacturing method 
is explained simply. 

An embedding and Si0212 are formed by 
thermal-oxidation-isation, the sputter, etc. on 
the Si substrate 11. 

Furthermore, the oxidation-resistant 
semiconductors 13, such as SiC, BN, and a 
diamond, are formed by the method described 
to example 1-6. 

After that, it patterns to a mesa. Ferroelectric 14 
is formed by the similar method as an example 
1. And, the ion implantation to the oxidation- 
resistant semiconductor 13 is performed. 

Furthermore, the foundation wiring 18, 
polycrystalline Si15, Si0216, and low resistance 
wiring 17 are respectively laminated by the 
sputter or the CVD method, and FRAM is 
formed. 

Low resistance wiring 17 is formed by PVD 
methods including the sputtering method using 
the target of Cu or Ag, or the CVD method for 
Ag wiring using CVD-method AgF gas for Cu 
wiring using bis-di pivaloyl methanate copper 
(Cu2 (C11H1902)) and bis-hexafluoro acetyl 
acetonato copper (Cu2 (C5HF602)) gas. 

This example showed the example which 
forms in source area 13a or drain area 13b 
directly low resistance wiring 17 of Cu or Ag. 

However, for example, it may wire via the 
electroconductive film of the low resistance 
such as ruthenium oxide (RuQ2). 
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[0045] 

Example 8. One example of invention of 
Claims 1, 3, 4, 7, and 8 is explained hereafter. 

For example, in A part in Fig. 2, the 
oxidation-resistant semiconductor 13, 
ferroelectric 14, and wiring 17 are connected. 

The lattice constant of the material used for 
the oxidation-resistant semiconductor 13, and 
ferroelectric 14 and the wiring 17 for quality 
ensuring of this junction part is made to 
correspond in general. 

That is, in an example 2, the cubic SiC which 
has the lattice constant of 0.43596 nm is 
formed. 

On it, a lattice constant forms a film- PZT 
which is 0.4036 nm (a shaft and c shaft are 
0.4146 nm), as a ferroelectric substance with 
near SiC and a lattice constant. 

Furthermore, when forming Ag as wiring 17, 
the composition and a structure control of 
suppressing mixing of the impurity at the time of 
a film forming so that it may become near in Ag 
inherent lattice constant of 0.4086 nm as much 
as possible are performed. 

Moreover, when forming Al as wiring 17, it 
controls to become near in Al inherent lattice 
constant of 0.4050 nm as much as possible. 



[0 0 4 6] 

mum 9 . jar, mm. 1,3, 

4, l 1 <DWR<D—MMM\^ 

"C , mwtit&*mw 1 3 t L 

Xs S r T i 0 3 £fflV*5 0 S 



[0046] 

Example 9. One example of invention of 
Claims 1, 3, 4, and 11 is explained hereafter. 

In an example 8, SrTi03 is used as an 
oxidation-resistant semiconductor 13. 

In the case performing the sputter film 
forming of SrTi03, it controls the rate of a deficit 
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of an impurity or oxygen 0 which does Nb as 
the main starting materials, and controls the 
property of a semiconductor. It is inherent 
lattice-constant 0.39 nm or more, and it controls 
by one side to become near as much as 
possible. 

Such as the above examples 8 and 9, when 
using PZT ferroelectric substance, a 
ferroelectric oxidation-resistant semiconductor 
and a wiring material should just correspond a 
lattice constant by 0.39-0.44 nm in general. 
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[0047] 

In the above examples 8 and 9, the matching of 
an oxidation-resistant semiconductor, wiring 
material, and the number of the shape of a 
grating of a ferroelectric substance can be 
taken. If it is the material which reacts mutually 
and forms a diffused layer and an. alloy layer 
difficult, it will not limit to above material. 
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[0048] 

Example 10. One example of invention of 
Claims 5, 7,-11 is hereafter explained using a 
diagram. 

Fig. 3 shows the structure of SOI substrate 
due to this invention. 

In the figure, 13 is an oxidation-resistant 
semiconductor. 19 is an insulation substrate 
and uses the quartz substrate here. 

By the technique shown in example 1-6, the 
oxidation-resistant semiconductors 13, such as 
SiC, BN, and a diamond, are formed on the 
quartz substrate 19. 
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[0049] 

Example 11. Another example of invention 
of Claims 5, 7,-11 is hereafter explained using a 
diagram. 

Figure 4 is the example which applied SOI 
substrate formed in the example 10 to FRAM 
shown in Fig. 2. 



02/01/08 



26/43 



(C) DERWENT 



JP7-245409-A 



DERWE NT 
-* 

THOIX/ISON SCIENTIFIC 



mmmmx\ ::t*iis i o 2 
^^st/b^t s o i mmzm 



In the figure, 20 is a layer-insulation film 
equivalent to a part of embedding Si02 in Fig. 
2, and is Si02 here. 

Thus, SOI substrate is comprised using an 
oxidation-resistant semiconductor. Then, 
application to a multiple semiconductor device 
can be performed. 
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[0050] 

Example 12. One example of invention of 
Claims 6-11 is explained hereafter. 

For example, FRAM which is formed by 
example 1-6 is used as an active element. 

In example 1-6, In the process of the time of 
formation of an oxidation-resistant 
semiconductor film, or after that, thickness of 
the surface oxide film of an oxidation-resistant 
semiconductor film is controlled to 3 nm or less. 
Moreover, thickness of surface alteration layer 
seen from the oxidation-resistant 
semiconductor film such as a joining layer (a 
very thin diffused layer, an alloy layer, etc. are 
shown) with the ferroelectric film formed on it is 
controlled to 3 nm or less. 

It considers as the method of a control, for 
example, the attainment degree of vacuum of 
the film-forming device of an oxidation-resistant 
semiconductor film and a ferroelectric film is 
improved. 

Moreover, both are based on the method 
formed by the continual process. 

Thereby, the channel length which was not 
able to form conventionally can form the highly 
efficient active element of short channel length 
0.1 micrometers or less. 
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[0051] 

Example 13. One example of invention of 
Claim 1 - 4, 7,-12 is hereafter explained using a 
diagram. 

Fig. 5 shows the semiconductor integrated 
circuit which mounted FRAM as a part of active 
element on the semiconductor substrate due to 
this invention. 
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In the figure, 21 is DRAM. 22 is FRAM and is 
formed according to example 1-6,10-11. 

23 is a columm decoder. 24 is a low decoder. 

The semiconductor integrated circuit uses 
processes, such as a film forming and an 
etching, for example, on Si semiconductor 
substrate. 

It may form by the continual process. 

After forming it, respectively doing DRAM and 
FRAM as a tip, it performs via the layer which 
does not lose monolithic property on a 
semiconductor substrate etc. And, it may 
arrange and connect with a bonding etc. 



[0052] 

In addition, the above example showed 
distributed cash DRAM as shown in Fig. 5. 

However, it may be dispersed type as shown 
in Fig. 6. Moreover, it may be the concentration 
type such as Figure 7. 

In addition, in Figs. 6 and 7, 25 is DRAM 
subarray and FRAM. 26 is a bus line. 
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[EFFECT OF THE INVENTION] 

As mentioned above, according to invention of 
Claim 1, in FRAM comprised using MISFET, the 
oxidation-resistant favorable semiconductor 
material comprised the semiconductor part. 
Therefore, the outstanding insulating film of a 
property such as PZT etc. is applicable to a 
semiconductor device. 

Furthermore, because those boundary- 
surface properties are outstanding, the 
reliability increase of a semiconductor can be 
attained. 
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[0054] 

If according to invention of Claim 2, in the 
semiconductor device of Claim 1, as wiring 
material linked to the drain or the source part 
formed of the semiconductor material, the low 
resistance material comprising silver or copper 
was used. Therefore, realization of the 
semiconductor device corresponded in high- 
frequency high-power-isation can be performed. 



[0055] 

If according to invention of Claims 3 and 4, in 
the semiconductor device of Claim 1 , the lattice 
constant of the ferroelectric insulating layer 
formed on the semiconductor material and the 
lattice constant of the wiring material which 
comprises a wiring member are made almost 
equal. 

Furthermore, it considered as wiring material 
and silver or aluminium was used. Therefore, 
the stress migration due to a grating 
mismatching can be suppressed. 

The reliability increase of a semiconductor 
device can be attained. 
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[0056] 

If according to invention of Claim 5, in the 
semiconductor integrated circuit using SOI 
structure, the oxidation-resistant favorable 
semiconductor material comprised the 
semiconductor part. Therefore, SOI substrate 
which was outstanding in the boundary-surface 
structure of an insulator-semiconductor can be 
comprised. 

The reliability increase of a semiconductor 
device can be attained. 

[0057] 

If according to invention of Claim 6, in the 
semiconductor integrated circuit which consists 
of the active element arranged on a 
semiconductor substrate, the oxidation- 
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resistant favorable semiconductor material by 
which surface alteration layer was controlled 
comprised the semiconductor part of the 
element of the one part or all of active elements. 
Therefore, the process of a surface alteration 
layer removal is simplified. 

Moreover formation of a reliable element can 
be performed. 
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[0058] 

If according to invention of Claims 7, 8, and 11, 
as a semiconductor material of the 
semiconductor device of Claim 1-6, SrTi03 
which contained the impurity which does SiC 
and Nb as the main starting materials or 
SrTi03-x which lacked a part of oxygen from the 
stoichiometry of SiC or the cubic structure 
comprised. Therefore, the outstanding 
insulating film of a property such as PZT etc. is 
applicable to a semiconductor device. 

Furthermore, because those boundary- 
surface properties are outstanding, the 
reliability increase of a semiconductor can be 
attained. 

Moreover, SOI substrate which was 
outstanding in the boundary-surface structure of 
an insulator-semiconductor can be comprised. 

The reliability increase of a semiconductor 
device can be attained. 

Furthermore, the process of a surface alteration 
layer removal is simplified. 

Moreover formation of a reliable element can 
be performed. 



[0059] 

If according to invention of Claims 9 and 10, 
BN, a diamond, or YB66 comprised as a 
semiconductor material of the semiconductor 
device of Claims 1,2,5, and 6. Therefore, the 
outstanding insulating film of a property such as 
PZT etc. is applicable to a semiconductor 
device. 

Furthermore, because those boundary- 
surface properties are outstanding, the 
reliability increase of a semiconductor can be 
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attained. 

Moreover, SOI substrate which was 
outstanding in the boundary-surface structure of 
an insulator-semiconductor can be comprised. 

The reliability increase of a semiconductor 
device can be attained. 

Furthermore, the process of a surface alteration 
layer removal is simplified. 

Moreover formation of a reliable element can 
be performed. 
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[0060] 

If according to invention of Claims 7-9, as a 
semiconductor material of the semiconductor 
device of Claim 1, SiC, BN and the diamond of 
SiC or the cubic structure were used. Therefore, 
also more chemically than the conventional Si, it 
is thermally stable. Application for the 
environment-resistance element which operates 
at 500 degree C or more high temperature can 
be performed. 
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[0061] 

If according to invention of Claims 7-9, as a 
semiconductor material of the semiconductor 
device of Claims 1 , 5, and 6, SiC, BN and the 
diamond of SiC or the cubic structure were 
used. Therefore, compared with the 
conventional Si, because heat conductivity is 
high, application to a large electric-power 
semiconductor device can be performed. 
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[0062] 

If according to invention of Claim 12, in the 
semiconductor integrated circuit which consists 
of the active element arranged on a 
semiconductor substrate, the semiconductor 
device of mention comprised the element of the 
one part or all of active elements in any 1 item 
of Claim 1-4, 7,-11. Therefore, reducing of 
element size or high-densification of an 
integrated circuit is made. 
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[M^f§?¥&rai [BRIEF EXPLANATION OF DRAWINGS] 



[01] [FIGURE 1] 

Z-(D$£8%(DMMLM 1 ~~ 6 (Ccfc 5 It is the sectional view showing the 

f£gg(DM^Iig£^-t~$ff manufacturing process of the semiconductor 

® 0Tfc 6 device due to example 1-6 of this invention. 



[El 2] [FIGURE 2] 

^<7)^^O^Mi#i] 7 ~ 9 (cJ: 5 It is the sectional view of the semiconductor 

¥»#gfi»»fffiB-Cfc5 0 device due t0 the exam P' es 7 " 9 of this 

invention. 

[0 3] [FIGURE 3] 

^^^^O^l^^il 1 OfciJiS^ It is the sectional view of the semiconductor 

##^ft^lfr®0Tfc5o device due to the example 10 of this invention. 

[0 4] [FIGURE 4] 

^(D^M<DMMM 1 lRicfcS^ 1 It is the sectional view of the semiconductor 

^#^{SO|^g0-C£>5 o device due to the example 11 of this invention. 

[05] [FIGURES] 

^<D$&$R(DW$L$\ 1 3tcfc<5^ 't ' s the block diagram of the semiconductor- 

Mfc^\S:M$M\£}$&<DMj&$iX*& device integrated circuit due to the example 13 

2- of this invention. 

[06] [FIGURE 6] 

Z<D$£$M(DMM$il 3{Ccfc5SiJ It is the block diagram of another 

<D¥^fc^WM^^ffi<®ffiJ$M sem ' conduc tor-device integrated circuit due to 

-^fo^ the example 13 of this invention. 



7 ] [FIGURE 7] 

Z.<DfflR<D%H§M 1 3 1^<£ <5S'J 't ' s the block diagram of another 

©¥#*SK^IKlHl&©«j*|g semiconductor-device integrated circuit due to 

-^^^ the example 13 of this invention. 

[0 8] [FIGURE 8] 

t^j|5cD?^flS^ (D It is the cross-sectional block diagram of the 

l|frgtf#j^0^fc<3o conventional ferroelectric transistor. 

[0 9] [FIGURE 9] 

It is the cross-sectional block diagram of 
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another conventional ferroelectric transistor. 



[FIGURE 10] 

It is the block diagram of the conventional 
semiconductor integrated circuit. 

[FIGURE 11] 

The thickness of the conventional surface oxide 
film is the cross-sectional model of the 
semiconductor substrate below fixed value. 

[EXPLANATION OF DRAWING] 

1 Si substrate 

2 Oxidation-resistant semiconductor film 

3 Ferroelectric film 

4 Al alloy film 

5 Source area 

6 Drain area 

7 Al alloy wiring 

11 Si substrate 

12 Embedding Si02 

1 3 Oxidation-resistant semiconductor film 

14 Ferroelectric substance 

15 Polycrystalline Si 

16 Si02 

1 7 Low resistance wiring (Cu or Ag) 

1 8 Foundation wi ring 

1 9 Insulation substrate (quartz substrate) 

20 Layer-insulation film 

21 DRAM 

22 FRAM 

23 Columm decoder 

24 Low decoder 

25 DRAM subarray and FRAM 

26 Bus line 

81 P-type Si semiconductor substrate 

82 Metal electrode 

83 Bi4Ti301 2 ferroelectric film 

84 N channels 

85 Source 

86 Gate 

87 Drain 

91 Lower-part gate electrode 

92 Ferroelectric single-crystal substrate 

93 Source electrode 
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94 Drain electrode 

95 Semiconductor film 

96 Gate insulating film 

97 Upper-part gate electrode 

101 DRAM subarray 

102 DRAM cell 

103 Columm decoder 

104 Low decoder 

111 Si semiconductor substrate 

112 Si surface oxide film 

113 SiC 

114 SiC surface oxide film 
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[El 8] [FIGURE 8] 
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[me] [FIGURE 6] 




[m7] [FIGURE 7] 
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[110] [FIGURE 10] 
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ndum Access Memory), 10 2<iD 
R AM-fe;l/ N 1 0 3(ir?7Ar'3-y, l04(iD^r 
l-VX'bb. ZOXoiZ, t&fcliDRAM. SRAM 10 

1 l 1 tis i*m#mi. 1 1 2«is i mm^m. 1 
1 3iis i 1 1 4tis i cmmmx'bz. & 

[00 07] 20 

H0**ofc. ifc, PZT*Hi«W*4:SiUtRl6tta« 

MitfJbit:. SfcC. S i fcSfcmtflei:liffi?£fta 

(Si :«0. 5 4nm, PZT?£§8«tt: 
ttO. 4nm) . tg^^FS^cT)^. 3£!8«ttl&i£BLt 

MsiMt<o«ife s i«<o»jaiirarcA-jfc. at, 

[ 0 0 0 8 ] ifc , TOrffcfcttJGLfc 2 !*?** 

o fcsmiiiB*-H»fi»s * 4 fcft izmimmmm t 
sxmtt watnEh zmm L*r^m-fjffm±.^m& 

[ o o o 9 ] $ h ic, faaw^ft^HttefflSfts s 

ftS»=arSO l«3B«0— 3Tft6-9-7r>f'V±fc:s i * 



$fgffP7-245409 

4 

[0010]$ ft$a^fl^lslII£ttffl$Ji 
ifiHWWdU «S5BHU8£ 5 n mjaJtOWSfcMlW 

ju m . hffiiSJlff* 1 3 n mOT^jePa^T'S) 
*. *0>fc», i«fflHUB0W§*«#4nmfiLtt,* 

[ooii] sfcic, a*^m»fWMiiii»ti5v^Ttt 

iNWMHRitDRAMfcSRAMJOlHWR^EIlL 
fc. ±fc. SRAMfcftoT«#«Bt«9FRAM£ES 

JhlBOJ: 3 fc, FRAMfctfyf **7T* 
i fc ic J: 0 JMREIfttc&tt LTV *fcfc«> % ty'Jy-^ 

m i %<%z>zttz£*)m.mmL<%'). at. d- 
[0012] twisBBtt, mcox oKm&tizmm? 

miwc*j^r, sai^-fL s^€^js5T'§4fra 
$ <5.t, si asc«t o t , i oav«fljii6*3aEfc» 

[0013] 

^^SgJi, MI SFETfcJBwOllftSflfcFRA 

[0014] m&2<rmfo#to*smwsm±. is 

ix^: KM ^ AfcliV-*^fc*IW-*EII*m*« 
[0015] W*3l3«^(c^^s^(*:^g(±, If 
fcSJ«WttttlM0^3»fciMl«tt«r«jR-r4EI» 

[0016] mimA<mmzfab&¥mw.$km±. m 

[0017] lf«3l5cO^Hg{3ffit>4^f*;^fi{i, S 
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mtfc&n&mczmmmtzjii oaww* tor* 
tools] mmmmm^%hh^mmm.\t. ¥ 

ftfflilKCtst >T . t»?^-S5* t W4£»*>*? 

[ooi9] a*a7<o«B < Htffiij4*»««K<±. if 

1 ~6 o*»fW«K«*»*«S s i c fc J: 9 *M 10 

[0020] mtm0im£M>i*m#&mt. n 
[oo2i] mm9commb2>*m#mmt. m 

ti^-f -V t y F tc J: 9 ffi jfrt 5 *> <0T* & . 

[0022] ii*3i i o mmizfflb&xmto&m*. 

mmi. 2, 5, 60^ttffl«>¥«tt&*YB6e 

[0023] M*Ja 1 1 ttftQMto s 
1 - 6 co¥Sffc£S<7)¥slffc$ & N b £±M£f 1 
+ttWIII*1t1i Lfc S r T i Os 4 fzlt^MMi^ 
»**«H»Xaf lftSrTiOa-.fcJ:») fllrtt * t 

[0024] 1 2 ^HWtffii? h . 
^Sr»*ai~4. 7-1 1 fl<0O-«t*> 1 HfcBK<0 

¥m&mmz£ 9 aws-*-* t . 30 

[00 25] 

[00 26] Z0>m<?Mtt2£to*>6%m38i 

[0027] znmi<?mxM3 tztob&tm&gm 

[00 28] £<0$ra^tl**4 

0 tefftH U $ , 'ffiJftfS«*m-e A ■& cot', SHI* 50 
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m<nl S **««3»lc tit * J: -3 fcjfl-f S . 
[0029] i<Ojra^||3R«5 fc:ffi;b*¥*tt£K 
»4. SOI MK^iNSftSSrHlMkttwAff^iNWWf 

[0030] znwmmsm 

14, ^^ftSEffitfOtSJ^^ffijR-fS^SfrtSS? 

mm® i*t< . ^ y^v^m^mm 

[0031] i«jBH<oift»«7 cff^^^imta 
(4, ffl^l~6O¥»«5KBfl5^f*«t:BtMktt<0 
AiSF5raNWMimT»* S i CSrfflv^T', *<0±fc 

4 J: 5 AW* & . 4 fc . flS^HKSsrc* & . Wffi 

rtJtt4&toTg<U>»j£$*t£^?)-C, Mftftflie 

[0032] £oftH*>m$a8 ca*>&¥«fl(S» 

14, «*PB7^S iCkLT4*JM«ft<0S i cfcfflu 

fgcDi£T#£tle< < , -««tg^^^4 J: 3^ffl~t 

[0033] z<vw%<7)m?m9 ^hi^mwmm: 
•t. 

[0034] zwmemm 1 0 izm&vmtmw 

*<0±fcJSfflrn-feX"CPZT«s£»«fC«». ^ffiK 
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mx-m^Tmrn^^mm^im^nm^ 
tc. &$mftmmfixm< ifrm&zti%wx\ * 

[0035] CiW«BHOi9*JH 1 1 lcflLbi¥9fM» 

« . trass i - 6 <&*w&wn%wmwmM&n 

ILtSrTi O3-iSrfflV^C0t\ ZnDzM&Tv 
«W6*«*t4J:5^ffl'rs. MIC gffigftflJSU 

gmcommittm. . 20 

[0036] £<0»BH<oI»diJJ( 1 2&ftfc«¥ttftt«r 

AMSffl^JtfOT. SRAM^DRAMTfll^ilS*! 

J: 0 ****** § £ t £ AIMIHb 
£flW\ 1-4. 7-1 105lv*Yia»lJj( 

fc IEIfc<0¥SttiSgT-& 4FRAMSrflH,vn*4*>T. 

[0037] 

fcftWl. JJIT\ M*JRK 7<^H*>-*litW£0«: 30 

ffl V tftajft 4 . 0 1 it Z nmUz iSFRAMfr^ 

lasiis, 2(iw»fi:tti|*»*irc, zzx 

U:A1£&IL 51iy-X««L 6iih'U-fV^L 7 

t±A 1 £&ui8-e£>4. »:K«jiiS«>iBtRHW-£. 

(a) OidfcS i£Kl±fc:S i CJR2fc*tf5±fc5* 
W«*it3*jSIIW*. S i C«2tt«itf, S i H 4 

4 . ^I»*^M3 J4ft3ftMT* L£ P Z T<7)<t 3tCV 
Dffi-c»»St4. «t (b) «J:-3fc. $afS«#!£3± 

^-ay^Litg:, =7-yftS* (NF 3 ) tfX*??: 
ffl^TS i C 2i:^Simft:ll3S:r7X-7X.yf-y^ 
U *^*««*.X-*Sfc:«Jft*4. ftttic ( c ) <0 

*«6. Al£fcBtt73S£JBjSU S i C^ffll^F 
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[ 0 0 3 8 ] $r J3 , ±ESatWCfi S i X «±{c S i C 

f?IJi.lf, CREE Reseach Inc. £06 H— 
S i Cfcfflu. *<0±fcPZT©J: ?&3£18mttliS£^ 

<5>WCVDffitc»)e«*L*to , Ctt'flr^. 
[0039]J(OtW2. JTF. tt^lll. 7. 8<0%« 
«0-£JWlS:BWi-r 5. IQKffll OS i CjS»i«= s ffl 
HM . Appl. Phys. Lett. No. 60 
P. 1703 (1992) KiS®$ftT^4 i * 
(S i CHsHs) #*£JSV\ S iSg 
±K7 5 0'COaUltt1RCVD&ffl^6. iilfcj:'). 

s i cm^x'^mm^mmx'hiiLij^s i cm^u 
& £ t a . wm?)$mxmi , $mm 1 

fcH*T*4. 

[0040] *fifcH3 • WT, M&g 1 , 9 CO&tyCO- 

mmm*wmtz>. mmmicvs i cjsKwftbot. 

S iaMthCKrFU— f ($!248nm) SfflV^fc 

x 7 *• >-/Sf (c B NX <y f - y?Mff>#x % m v vfitf i 

[0041] HMM4 . WT. St*« 1 . 
^SOIWSKIB^*. IWWl COS i CfiKKfJftbO 
(C, Siag«±t:CH4^ J ^C2 HttW)iR«Sr*^ 

XSti, HSIfiajl tPJ«ts i-yf^^C^n^ 

[0042] mmi5 

lt«l<?5S i ciRJBflMtbfjt:. S iasfiJbfcY-B^ 
-y v h fcfflV^fc. XA-., «t 0 Y Bee SrE^i-r 

*. *wanw)«aiatt. mscti tmmx\ x-yf- 

y^tYB66fflOX-yf-y/lc7)^x$:ffli^J: 
[0 04 3]|HtW6. OT, fl*Sl, 11<0?&#?) 

-WfcW* »Wt4 . UteM l «o S i c jj»<oftb 0 
SiMiCSr-Ti (-O) tfciiS r-T i 

-Nb (-o) &?-y"/h£mi\ mmnm^x'^. 
mmh. ttumcowmxmt. mmmi tmmx\ 

[0044] mmi. wf. msm. 2. 7-1 1 
comn^-mmm^m^m^xmmi-^. m2i±. z<n 

mik J: 4 F R AM*»6«r4i|m*taiOBrlliiaT'ft 
4. Htfe^T. ll«SiS« % 1 2(ifflrtaAS i 

o 2 . 1 3mmm?mfox\ i3attv-xiw, 

1 3b(iHU-0«iSTJ>4„ 1 4(i«?5^tfPZTcoj: 
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3frSSWt#, 15tt£ISftSi, 16»4Si0 2 , 1 

7iiffiis»0>cu4fcUAgie«L 1 8t±TmmTS> 

« 1 1 ±£JS»fc» ^TiiWi^S i 0 2 1 2 

? S i C . B N , K^EWBiMkttW* 1 3 

^^^^--y^U SUM 
1 1 B«»*»-C9WW# 1 4«0JB(£, HKftffi¥«tt 

1 3^*M*>1£A$:ffK TH&S2I81 8, £ 

tSASi 15, Si0 2 16, m&W&HZZtl? 10 
tlW ■•/ V D ffi t J: 0 «1 F R AM Sr^f 
*. ffiffitifitKl 7liCu4fcttAg«^-y7h*ffl 

hm (Cu (C11H19O2) 2) % 
;^DT-fef-/PT-feh-thffl (Cu (CsHFeOz) 2) 
jl*£fflv*fcCuEilfflCVDftAgF;SrxSrfli^fcA 
gS»fflcvDi£(cJ:"9»jft1-*. *SI«0re{iy-^ 

fflttl 3 a^FM 3bfcll»Cu*fcUtAg 

if-, IWfc/Uf--'? A -( RuOj ) « <fc 0 &ffiffiin;<0g« 20 

[0 04 5]SMtW8. OT, M*JB1, 3, 4, 7, 
8 <0»Bfl<0HWtW to V >T tt W6 . 0 2 i tf 
AlHHcfc^T»fc14¥jgs# 1 3 fcttettttt 1 4 , gE& 

m»m&im 1 3 fcancfr 1 4 , m& 1 7 kjhv ^ 

C^KfcW^ 0. 4 3 5 9 6 n mOlg : P£»£3rt h 
4MS i CfcJftfctS. *<7)±fc, S i Cfctg^S^ 
<0ifilo»S«#fc LT, Witf. WFje»**0. 403 30 
6nm (alt, cWJiO. 4 1 46nm) -e&SPZT 
£fi£l£t6. SKI 7i:L/CAgfc#jfrf** 

AgalsjR^fS^jeBcO. 4 0 86nml:tUt'(t 

tiL flB&KMWSffa. fElfil 7 1 LTA 1 £JfM 
Al^JfoDlS^jgftO. 4050nmtt 

[004 6] ^S6W9. OT, if^3Sl ,3,4.11 

T. ifiStfbl4¥Sttl3 2:LT, SrTlOafcJBV* 40 

* Mff L OO , 0 . 3 9 n m J2Lt?**0 

BBHfcttiNI*, IftttftfftfcO. 3 9- 

0. 4 4 nmT-grtMi' J:K 

[0047] ±ieHSI«8 , 9 fcfcV v£ Ji, Hiftfl:tt¥ 
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[0048] H&60IJ1 0. UT, 3**B5. 7-1 l«o 

; o«hb t i & s o i aa&awja * * u: t> ot* s . 

HttJVT, 1 SliBiMfctt**** 19<i^iS^-C 

Wl~6fciSS*ufc#ftT, SiC, BN, 
HHWBIWKttimWtt 1 3 

[0049] SUtfll 1. JSTs 7-1 1(0 

»W)»iJ<^aifflt-3^THfcfflV^BfiB"t6 . H4 

{4, mm\ OT'^UcSO I««*02T*tf<lS 
FRAMfc:2ifflL3tfia|T-aiS. HtiJ^T, 2 0t±H2 

+o>a«>a*s i o»«-*tffls-r6Jiiai«iiwr, 
*fflv»TsoiaHR*«*t&fc. 2,«r)mm^<vm 
[0050] wtwi 2. wt, mm-i Kom 

!S*l«l~6"C»j£3Jl*±3£FRAMfcfflVi4. H 
tt«l 1 - 6 £ji»X , M^ttt*@f*^o^B#S fc« 

m im^mm. iammz^-t) otommm 
^mm^^fzm^Mm^m ^3n murium 

«6*««-r4ifc<0-C§*4»ofc-f-v>*;l^*«0. 1 

[005 1 ] Hflffill 3. JTF, IMWl-4, 7-1 
2^M»»C5-|tat«fconTH*ffl«r>TRIB't*. 05 
{4, ^^fcii^fMHKJbtFRAMfeiBIWH^ 

&. HfctJ^T. 2 K4DRAM, 2 2(4FRAMT*, 

satHi~6, i o-i lfcfle-j-aas-rs. 23iin 

7Af3-/, 2 4{4o^t3-^-C'$)&. 

L, DRAM, FRAMS-^-tl-etL^-'/rt LTffML 

[ 0 0 5 2 ] ifEHittfiJ-C'WSS^J: a =5:, 

«r4«ffl-r*->Tt. E7Wi:a^m+^T'$>oTtJ: 
V\ =S:t>. 06, 7tfcV>T2 5J±DRAM-t7'ri-"f 
tFRAM, 2 6{iA*^5-f >"C*I). 
[0053] 
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(f. MlSFET«rfflV*Tfll*3fl4FRAMt4iV> 

[00 54] WJbOj: W^Ja20%B^,}:^(f , 
[00 55] UlhOJ: SK. 11^3 . 4fl3»JCJ:n 

if. a*?! lo^w^stttiv^, ^mtmm^^ 

il>x h Ix^ v-Y 7V- -> a VfcflW-f 4 Z b . 
[00 56] fclt^J: o fc. 1t*JJI50WgifcJ:ftff. 

*4. 

[00 57] Jil±<9<fc ^ fc. »*ii6056HBt iiitf. 

**«i3Bi;:i3i.*T . mmm^n-^h i^t^mnm 

[00 58] JJLbOj: »*Ji7 .8.1 1*>»5I 

t Jrntf . tt^JS 1 ~ 6 ^SMl^MS t u 
t. s i cifcttidnfHIBSias i c. NbfciKBfc 

■f 4*8***3r Lfc S r T i 0 3 afcmt¥*»tt*» 
fcR***-*^ W: S r T i 0 3 -« J: DflftSUfcfiO 

6 . * fc . i^ft-^fl«7)#®fiijic7)<l*l£ SO IS 

it ^^aoiSftm^s-Hi. 

[00 59] J3LJtO i 3 fc. mc%9 . 1 O^Bfltcj; 
illf. m^l. 2. 5. 6<^«#i&»<0¥3?ft*ffl 
itt, BN, ^-r-^VFifcttYBeefciOllWtL 
fc<0? , P Z Ttgw J: ^ £flttifctitt«>iei>R*¥*flc 
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1 2 

i rn&mm- « .1 t a*?* . ^*«*o»wHfc«: 

4. 

[0060] JJLhOj: a fc. W**7~9*>»5Jfc:J:;h. 
*u s i cifcjtfidsrftwews i c. bn. 
io st- 5 o o °ca±.<Dmi&Tmtt t mmmm=F^mm 

[0061] a±.V>£ -5 fc. BSS17~9<05MBC:J:ii 
If. MSai. 5. 6(O^^ISW^*»f4i:LT 

-tftW. sicafcjiiarftfiKawsic. bn. ^ 

#©VWT\ ^^*»«Bai^03iffl*nri6i:i5r4. 

[0062] CUiOJ: o ic. 1 2 J:*i 
If. iN^S^tSa8fifclEIBIH 1 36»^flllSSii6 

20 0^2rlS*«l~4. 7-1 l^^-ra*»l^lE 

ft* tzitmmmmo^m&itiMm t & & . 

[01] iO^^*«l-6fcJ:**W*iai<!0« 

[02] £0^<^ifcW7~9fcJ:4^ftS»tf>»r 

ffi0T'£>l>. 

[H3] ^W^HiS«10tcJ:4^*^Sc7)»rffi 

30 [ 14 ] zeimemNM 1 1 (= «t 4^{*^g«ffi 
[ h 5 1 i rtmmmm 1 3 1 j: * ^f*^a^i3 
[ m 6 ] ; <o%%^Rttn 1 3 c j: * m<n*MwmmM 

[07] CI CD%BJ|o3lii0« 1 3 1 «t 4 S'jw^^^sm 
«0K^W^0T'l)S . 

[08] ^mcrmmwh^y^x^mmm^mx-h 
*. 

40 [09] (fcfeosijosiiffm h 5 y fnmmm 
[01 o] ^*co^*msie]Koffi^ia-c'j>i». 

[01 1] ffiJt^BftMIMoWS^-jewtfaTiO* 
»««lR<0Bfiii«*HTai6. 

1 si mm 

2 mmmmm 

3 ^^m^n 

4 A 1 £&§| 

50 5 v-x^k 
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1 3 

6 H U-f >ffl& 

7 a i ^gen 

.11 S i WSL 

12 S£>32^Si0 2 

13 Hi^tt¥«flci£ 

14 ^ffttt 

1 5 £J*AS i 

16 S i 0 2 

17 \mmt& (CuifcliAg) 

18 TttffiM 

19 teaaHK 

20 jurngrk 

2 1 DRAM 
2 2 FRAM 

2 3 35Af3-y 

2 4 n9f3-^ 

2 5 DRAM-tf7TM£FRAM 

2 6 /U?-fy 

8 1 P aSi¥3Sft*« 
8 2 



[01] 




(8) #^¥7-2 4 5 4 0 9 

1 4 

83 3H!8m#Bi4 Ti 3 Oi z Jfi 

84 Nf-v>*/P 
8 5 7-X 

8 6 y-h 

8 7 KH> 

9 1 T&y-h«IE 

92 %mmmm&m 

9 3 y-xiffi 

9 4 KU-fyTOi 
10 9 5 

9 6 y-M6^M 
9 7 ±«y-h«tt 

101 DRAM-t:/7W 

102 DRAM-fe^ 

103 ay&r^—y 

104 U*7t~3—? 

111 Si ft 

112 Si «NMblt 

113 S i C 

20 1 14 s i cmm^m 



[02] [03] 
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(9) 
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7 ay h^-xcs^a^ 

(5Dint.ci.« mm^t- Jrmmm fi essa^iaiBf 

H 0 1 L 29/78 
21/8247 
29/788 
29/792 

H 0 1 L 29/78 3 7 1 

(72)HflJJ# *5 tt£ (72)»#* Wffl 

jgfi»itT*p*Br 8tb i # i H^ma ®*m«p*Br8TBi#i# 
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(10) *£KH z 7-24 5409 

(72) jisw mm m- era)**!* iis -a 
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